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ABSTRACT

The computer programs currently being used to prepare seismic

I data for analysis on the PDP- 15 computer , and the flow of data through them ,

are described briefl y. The programs are being run by Texas Instruments In-

I. corporated on the IBM 360/44 at the Seismic Data Analysis Center. New pro-

grams developed during the contract period are described in some detail.

L Some suggestions for future work are provided.
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1..
I SECTION I

INTRODUCTION

1 This task concerns development of computer programs on

the IBM 360/44 compute r at the Seismic Data Analysis Center (SDAC).

I The programs prepare seismic data for analysis on the PDP- 15 computer by

extracting selected events , removing the mean from each trace , and , if

desired , rotating the data and beamforrning them. The input data for these

- .  
programs come , in part , from magnetic tapes sent in from the field.

I The goal is to put the data onto tapes in event/stat ion/component form ,

- 
suitable for input into the Interactive Seismic Processing System (ISPS )

I on the PDP-l5 (Ringdal , et al. , 1975).

This preparation is usually done in three steps. The field
iL tapes are processed f i r s t  by edit programs, to translate the raw data

F f rom integer or gain-ranged format to floating-point format , and to produce
- other tapes, called edit tapes. The edit programs are event-driven and

F have the effect of eliminating most non-event data. Thus, a considerable
— reduction in data volume occurs. The edit programs also wri te  information

f about ar ray  conf igura t ion , event distance and azimuth , etc. ,  in an event

header record on the edit tape. The edit programs contain logic to r e - t ry

F and eventually skip over parity errors. Thus, a considerable increase in

data quality is realized.

I The data are fur ther  prepared by pr ograms known as “gen ”
pro grams. The gen programs remov e the means of the traces. They rotate

I: the da ta, if desired, from Tn -Axial or Vertical-North-East  format to

Vertical- Transverse-Radial  orientation. Some gen programs have a capabil-

I ity to apply va rious f i l ters  to the data. In the case of a r ray  gen programs ,

V I

i~
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sites selected by the analyst can be formed into beams. Output from the -

gen prog rams is a gen tape, or punched cards. The final step in the data

preparation consists of copying the data onto a 7- t rack tape , in a format

compatible with the off- l ine PDP-15 program CDBASE. CDBASE initializes

the Event Data File for ISPS (see Ring dal , et al. , 1975). The entire data -

preparation process is summarized in Figure I-I .

The reasons for the data preparation being done on the IBM

machine instead of the PDP- 15 include: 
-

• The rela tively high down time of the PDP- 1 5

• Its core size (insufficient for remultipl exing and beamforming)

• The lack of a capability to read nine track , 1600 bits per inch ,

tapes on the PDP-15.

Currently, there are 18 varieties of seismic data available

on field tapes at the SDAC. Tables I-i and 1-2 illustrate the current pro-

cessing capability.
- l  -

-1

—i

ii

I-2 
I
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TABLE I-I

NAMES OF SEISMIC STATIONS AND ARRA YS

TFO Tonto Forest Observatory
ALPA Alaskan Long-Period A r r a y

NORSA R Norwegian Seismic Ar ray

LASA Large Aperture Seismic A r r a y

ILPA Iranian Long-Period A r r a y

KSRS Korean Seismic Research Station
SR O Seismic Research Observatory
HGLP High-Gain Long-Period Station

~1

II
:
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TABLE 1 -2

DATA PREPARATION PROGRAM STATUS

Current ly
Data Source LP~’SP Producing Edit Program Gen Program

Name I NameData

TFO LP No TIQCEDIT TITDFILT
ALPA (until 1970) LP No TIOCEDIT TITDFILT
ALPA (1971-75) LP No TIQCEDIT TITDFILT
ALPA (after l975) ** LP Yes TITRIEDT TITDFILT
NORSAR (until 1975) LP No TINOREDT TITDFILT
NORSAR (after 1975)** 

- 

LP Yes TITRIEDT TITDFILT
NORSAR (until 1975) SP No NORSPOUT* SIGSPECT*

NORSPEAR*
DATAPREP

NORSAR (after l975) *’~ SP Yes None None
LASA (until 1975) SF No None None
LASA (after 1975)** SF Yes None None
LASA (unti l  1975) LP No TILASEDT TITDFILT
LASA (after  l975 )~ * LP Yes TITRIEDT TITDFILT
ILPA LP Yes TIILPEDT TITDFILT
KSRS LP Yes TIKSLPED TITDFILT
KSRS SF Yes TIKSPED* TIKSPEAR~

TINOISE
SRO SP Yes TISROSPE TISROSPE
SRO - LP Yes TLSROEDT TISROGEN

TISROPRG TISROPRG
HGLP LP No TILXEDIT* TILXGEN*j 

_ _ _  _ _ _ _  _ _ _ _

* C u r r e n t l y available onl y under the Disc Operating System (DOS).

** On January 1, 1976 , a new library tape I~ rmat cair ’T into use. See Appendix A.

I
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SECTION 11

PROGRAMS WRITTEN DURING 1977

Several improvements were made to the existing data pre-

paration software during 1976- 1977. Several of the programs were converted

from the Disc Operating System (DOS ) to the Program m ing System (TS44).

Also , six new programs were written. Of particular note are TISROPRG , an

example of combining an ed it program designed to handle data from more than

one seismic a r ray .  The new programs are described on the following pages.

A. TISROPRG

TISROPRG is a combination edit , data preparation, and plotting

program for long-period Seismic Research Observatory (SRO) data. It operates

on data from single SRO stations onl y. TISROPRG is the result of combining

four previously exist ing programs:  SROPUNC H , TISROEDT , TISROGEN , and

SROPLOT. Several of the capabilities of TISROGEN were not included in

TISROPRG , in order to save compute r time and memory space. Brief ly ,  the

lost capabilities included taking of Fourier t r ans forms, generation of noise

matrices , noise anal ysis , two channel Wiener f i l t e r ing ,  and two component Ray-

leigh phase shift  and sum. None of these capabilities were needed for the SRO

evaluation stud y.

The SRO data processing sequence has been modified when using

TISROPRG. The pr imary  output from TISROEDT is an edit tape , which is also

the pr imary input to TISROGEN. TISROPRG does not produce an edit tape. Use

of this program results in saving over half the Central  Processing Unit (CPU )

t ime , and ove r half of the core space , as compared to running the four parent

p’~ograms.  The input cards are described in Table I l - i .  The output tape is iii

t he  LXGEN format (see Renno , e.t al . , 197 1), and is identical  to the tape produced 4
a

U-i

_______________________ - — —- —I-- ~~~~~~~~~~~~~~~~~



p
TABLE 11-1

TISROPRG INPUT CARDS
(PAGE 1 OF 3)

The input cards to TISROPRG are divided into three groups:

tape initialization card (one card); event specification cards (two cards per

event); and plot specification cards (one card per plot tape , plus one card for

each event to be plotted). The cards must be in the following format:

Card Data*
Type Columns Type Description

I 1-12 A ‘OUTPUT TAPE=’

13-18 A Output tape number. Also known as the gen tape.

19-26 A ‘ , OPTION= ’

27-30 A Output tape option , to be used in the call to TIINPT .

31-55 Not used.

56-60 A ‘SKIP= ’
61-65 I Number of data files to be skipped , on the output tape.

66-80 Not used.

2 1-8 I Month/Day/Year of event origin.

9 Not used.

10-17 I Hour/Minute/Second of event origin time.

18-20 Not used.

21-25 F Event latitude in decirn - aegrees (N +).

26-29 Not used. *

30-35 F Event longitude in decimal degrees (E +).

36-37 Not used.

* A Alphanumeric I = Integer F Floating Point ]
11-2
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TABLE lI- I

• I TISROPRG INPUT CARDS
(PAGE 2 OF 3)

:ard Data

J [‘ype Columns Type Description

2 38-40 F Bodywave magnitude.

1 41-42 Not used.

43-45 I Depth (km.).

j  46 I NORSAR qual ity

- 
47-50 Not used.

L 51-70 A Region name.

71-80 Not used.

- . 
3 1-5 I Event identification number.

6-10 I Sub-region number.

11-12 Not used.

13-1 5 A Inf ormat ion source.

L 16-20 Not used.

1 21- 35 I Site selection table. Column (20+n) should be I if

data from SRO ii is to be processed; 0 if it is not.

36-80 Not used.

4 1-50 Not used.

ri 
51-53 A ‘END’

- 54-80 Not used.

I 5 1-6 A Plot tape number .

- 7-8 Not used.

i 9-10 I Number of plots to be put on this plot tape.

11-80 Not used.

6 1-10 F FLO.

— 

11-20 F FHI.

* A = Alphanumeric I = Integer F = Floating Point

- I~ 11-3

~I-1 
_ _ _ _ _ _ _ _ _  _ _
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TABLE 11- 1

TISROPRO INPUT CARDS
(PAGE 3 OF 3)

ard Data *

~ryp e Columns - Type Description

6 21-30 F TAPER .

31-35 I Start time.

36-40 I Gate length.
41-50 F Horizontal plot scale factor (seconds/inch).

51-80 INot used.

_ _

* A = Alphanumeric I Integer F = Floating Point

The divider between the event specification cards and the plot

specification cards is a card type 4. If m denotes the number of plots (col-

umne 9-10, card type 5) on a plot tape, there should be m cards of card type

6 following a card type 5. The plot spec if ication cards should be followed

b y a / * . -
~~~~

I
~j  ~
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by TISROGEN. The subroutines which make up TISROPRG are listed and de-

scribed below. The logical flow through them is shown in Figure f l - i .

I Subroutines in TISROPRG

I ALQADL - Does plot annotation , and processes timing information

from the event header. Prepares data for and coordinates

I Calcomp plotting.

ARTIME - Computes P wave, S wave , Love wave, and Ray leigh wave

I arrival times, and Ray leigh wave duration.

DATPRP - Moves data from the input buffer into the plot processing array.

DELTA - Computes event distance and azimuth .

EVPROC - Sets up processing parameters for SGPREP and SIGOUT ,

I and writes the event header on the output tape .

FILTBP - Applies bandpass f ilt er w eights.

GENBP - Computes filter weights for a bandpass filter with cosine-

squared tapered edges.

HEADR - Converts data from 16-bit integers to floating point, in plac e .

INPROC - Ini t ia l izes  the output tape.

INPSRO - Reads SRO field tapes.

OUTPUT - Writes  data on a temporary disc file , before the gen part

of the program.

PDE - Reads input cards, and constructs the event header.

f PLTRTN - Calcomp plots a waveform. Produces tic-marks to indicate

predicted seismic propagation mode arr ival  times (P , S,

~ I 
Love , and Ray leigh)

QCHECK - Performs spike and clipping quality checks, computes

I channel segment sums and powers , and generates tables

of quality check results.

F
I- 
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RMS - Computes RMS noise in a gate prior to the predicted signal

arrival, determines maximum signal amplitude , and cal-

culates s ignal- to-noise  ratio.

SGPREP - Reads data f rom one temporary disc f i l e , subtracts the

trace mean from each point, rotates the data from Vertical-

North-East to Vertical-Transverse-Radial f o r m, and wr ite s

the data on a second tempora ry disc file.

SIGOUT - Reads data from a temporary d i sc f ile , and writes it on

I the output tape.

SRHSRO - Searches an SRO field tape for a particular data time.

I SROGEN - Fills out a list of processed events and calls SGPREP and

SIGOUT.

I SROPLT - Initializes and terminates the plot tape. It searche s for

events that have been processed, on th e output tape; reads( data , and calls ALQADL .

TERMEV - Computes and print s statistics about an event , and prints

I quality check information.

I B.

I DATAPREP is a gen program for NORSAR short-period data

recorded prior to 1976. It is the result of combining three previously existing

I programs: TSMLTSNS , DATAPRP1, and DATAPRPZ , which were written in

support of the short- period earthquake/explosion discrimination (SPEED) pro-

I ject (Sax, 1976). The input to DATAPREP is limited because the program was

written to require 132 input data channels.

I As DATAPREP is currently used , the program must be run

twice for each event to be processed. The first time through, it remulti-

I plexes the data and aligns the sensors , assuming a plan e wave, us ing a signal

start time provided by the analyst. DATAPREP produces a short Calcomp

I plot (5 seconds of data). either filtered or unfiltered , and with the si,~na1

“-7



centered , for  each sensor in the ar ray .  These plots are inspected by the

anal yst to obtain a list of inoperative channels , noisy channels , and clipped

channels. The anal yst also selects a more exact signal start time.

This information is provided on input cards , so that

DATAPREP can comp lete its entire processing sequence the next time

it is executed. Individual sensor plot s are not normally requested from

this second run. However, note that the t ime-consuming data remultiplex-

ing and sensor alignment steps are performed a second time.

Next , an exponential taper is applied to the anal yst-selected

channels , and they are complex cepstrum beamformed. The beam is smoothed

and corrected for  system redponse , absorption, and reverberation noise.
Finally, the trace is integrated three times, with cepstrum short-passing

after  each integration. At the anal yst ’ s option , results from each integration

can be output on cards or printed. The waveforms are time traces of jerk ,

acceleration, velocity, and ground motion , respectively.

The card output from this step is in lieu of a gen tape , and is
appropriate for input to TAPEMAKE. TAPEMAKE is a card-to-tape reformat
program which produces tapes suitable for input to the ISPS on the PDP- 15.
There is no particular reason that the interface between DATAPREP and TAPE-
MAKE is via cards , rather than a gen tape.

The pr imary input to DATAPREP is the edit tape produced by
NORSPOUT . The pr imary  output from TSMLTSNS is a tape , which is one
of the pr imary inputs to DATAPRPI . DATAPREP does not produce this tape .
instead , the data are stored on a temporary disc file.

For a fur ther  explanation of the processing done by DATAPREP ,
refer  to Sax (1976). The input cards to DATAPREP are described in Table
11-2. The subroutines that make up the program are listed and described

below. The logical flow throug h them is shown in Figure  11-2.

11-8
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1.

~ I.
I TABLE 11-2

DATAPREP INPUT CARDS

r 
(PAGE 1 OF 3)

Card Data
T ype Columns Type~ Description

- 

1 1-6 A ‘INPUT= ’

f 7-12 A Tape no. of the input tape. (output from
NCRSPCUT )

13-80 Not used.

-1 2 1-12 A Event name.

i’ 13-16 I NSJ-1IFT for TSMLTSNS portion of the run.

17-20 I Number of points to be plotted for each
sensor plot , and for the subarray beams.

21-25 Not used.

26 I PLTSAV. Should be I if ~~~ plots are to be

f generated by this DATAPREP run. (0 other-
wise)

1 27 1 FLTFLG. Should be 1 if the plots for this
I event should be f i l te red .  Not used if

PLTSAV 0. (0 o therwise)

1 28 I DPFLG. Should be I if DATAPRPI and
DATAPRP2 are  to be executed for this

I 
event. If DPFLG = 1, input cards 3-10

- are required.  If DPFLG 0, input cards
3-10 should not be included.

I 29 I QCFLG. Should be 1 if automatic site sel-
ection on the basis of data quality is desired.
In this  case , the logical f lags on cards 3 and
4 must al l  be blank. (0 otherwise).

30 I DETFLG. Determines  which algorithm is to

I- be used for automatic signal detection. If
signal start time is to be set by the analyst ,
DETFLG should be zero.

* A Alphanumeric I = Integer F = Floating Point

11-9 - 

1T -



TABLE 11-2

DATAPREP INPUT CARDS
(PAGE 2 OF 3) 

-

Carc Data 
-

Type Columns Type* Description

2 ? l -80  Not used.

3 1-12 Not used.

13-16 I NSHIFT for the DATAPRP1 portion of the
run.

17-20 Not used.

21-80 I Flags for sensors 1-60 . 1 if the sensor is
to be thrown out ; blank if the sensor is to
be kept .

4 1-72 I Flags for sensors 61-132.

73-76 F RC (Default is 0.98).

77-80 F RCN (Default is 0.98).

5 1-10 F WTAPER.

11-20 F PNOISE.

21-30 F PCODA .

31-80 Not used. - -

6 1-4 I Print flags for DATAPRPZ . 1 if printout is
desired for (1) system response restored , 

-

(2)  acceleration, (3) velocity, or (4) dis-
placement, respectively.

5 Not used. -

6-9 I Punch flags for DATAPRP2. Same scheme as
for print flags. -

10-35 Not used. -

36-40 F T/ Q .  I
7 1-2 , etc. I Number of smooths to be performed prior to -

the f i r s t  integration. The degree of smooth-
ing at each stage is given in columns 3-4 ,
5-6 , 7-8 , etc. - - as many as the number in -
columns 1-2. i J

* A = Alphanumeric I Integer F Floating Point ç
11-10 1
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TABLE II- 2

f DATAPREP INPUT CARDS
(PAGE 3 OF 3)

~~Th Data
- Type Columns Type * Description

1 8 1-2 , etc. I Number of smooths to be performed during

- 
the f i r s t  integration. Same scheme as above.

9 same I Smoothing parameters for second integration.

10 same I Smoothing parameters for third integration.

- . * A = Alphanumeric I Integer F = Floating Point

r Summary

Card 1 appears only once per run.

[ Card 2 appears once per event.

Cards 3 - 10 appear immediately after card 2 whenever DPFLG = I. If
DPF LG = 0, cards 3 - 10 should be omitted.

1 •

r

U
F

- 

I l - I l
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I
Subroutines in DATAPREP

ABSORB - Cor rec t s  the ampli tude and phase  of a wavelet  for

T /Q = constant absorpt ion , in the f requency  domain ,

by a method descr ibed  by S t r ick  (1970).

CPSTRM - Computes  and plots the real ceps t rum of a log spectrum.

DEGO - Removes  an echo , spec i f i ed  by number  of points delay

j and r e f l e c t i o n  coef f i c i en t , by deconvolution.  Can be

used to do numerical  in t eg ra t ion .

DPOL - Removes  complex poles in the ins t rument  response

curve for  sho r t -per iod  VELA se ismic  network

(VELANET)  data.

DTPRPI - Reads data f rom disc , co r rec t s  for  in s t rument  response,

applies an exponential taper , and t r a n s f o r m s  into the

log f r eq u e n c y  domain.

DTPRP2 - P er f o r m s  cepstrum anal y s i s , t r a n s f o r m s  a log spec-

t rum into the t ime  domain , and does successive nurn-

er ica l  i n t eg ra t i ons , with cepstrum shor t -pass ing af ter  each.

EXTAP - A pplies  a taper which exponentially decays , away from

a given point.

FINISH - W r i t e s  an e n d - o f - f i l e  on the p lot tape , and unloads the

input tape.

INCUT - Coord ina tes  tape i n i t i a l i z a t i o n  p rocedures .

EVFIND - Reads event  sp e c i f i c a t i o n  cards , and sea rches  the

input  tape for the des i r ed  event .

PLTRDY - In i t i al i zes  the plot tape , and puts a t i t le  on the  plot .

INPUT - Reads p a r a m e t e rs  for DTPRP2 , f rom a card.

LAGS - Computes t ime delays between s e n s o r s , g i v e n  sensor

locat ions.

t-7
I - 11-13
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MDM - Rernul t ip lexes a data ar ray  from real parts and imaginary

par t s  into complex , or v ice -versa .

M V Z E R O  - Moves a data a r r ay  to another area of core , and ze ros the

o r i g i n a l  a rea .

C U T T P E  - W r i t es  data on d i s c .

PLCTRC - Plots a t r ace  on the  Calcomp plotter.

PLOT4 - Pr i n t e r - plots a t r a c c .

POLES - R e s t o r e s  complex poles in the i n s t r u m e n t  r esponse  curve

for  s h o r t - p e r i o d  VELANET data.

POP - Computes  f i l t e r  c o ef f i c i e n t s  d e t e r m i n i s t i c al l y f r o m  a

set of e q u a t i o n s , and app lies the r e su l t i ng  f i l t e r  u s ing

pol ynomia l  d iv i s i o n .

QHQ - Smoothes  a cur v e , w i t h i n  a spec i f i ed  in te rva l .

SMBCTH - G e n e r a t e s  cal ls  to QHQ , to smooth both the amplitude

and phase  of a spec t rum.

SMOCTH - Genera tes  a call  to 01-JO, to smooth jus t  the amplitude

pa r t  of a s p e c t r u m.

U N W R A P  - U n w r ap s  a c o n t i n u o u s  complex f u n c t i o n  onto the c o r r e c t

R i em a nn  s u r f a c e s .

V L C T Y  - C o mp u t e s  appa r~~nt ve loc i t y ,  g iven  the  d i s t an ce  to the

s ou r c e

\VT - App l i ~ ’s si g n a l - t o - n o i s e  r a t io  weig hts  to channe l s  used

fo r  comp lex cep st rum beamform ing.

C. TISROSPE

TISRCSPE is  a c o m b i n a t i o n  edit  and data p r e p a r a t i o n  p rogram

t u r  sh o r t -p ~~r i od  SRC da ta .  It o p e r a t e s  on data f r o m  sing le SRO sta t ions,

onl y. The p r i m a r y  output  is a t ape  in the  LXGEN f o r m a t .  Input cards  to

TI SPCSPE a r e  d e s c ri b e d  in Table  11-3. The s u b r o u t i n e s  that  make up

TIS P (  ~-J~E a r e  l i s t ed  and d e s cr ib e d  below~ The log ica l  flow th rough them •

i s  shown in F i g u r e  11-3. LI
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TABLE 11-3

TISROSPE INPUT CARDS
(PAGE 1 OF 2)

The input ca rds  to TISROSPE a r e  divided into two groups:  tape

i n i t i a l i z a t i o n  card (one ca rd) ;  and event  spec i f i ca t ion  ca rds  (two cards per

even t ) .  The cards  mus t  be in the fo l lowing  format :

Ca rd D ata
T ype Columns  T ype’~ D e s c r i pt ion

1 1- 12 A ‘CL T P U T  TAPE= ’

13-18 A Output tape number .  Also  kn own as the gen
ta pt .

19-26 A ‘ , OPTION=

2 7 - 3 0  A Output t ape option , to be used in the call to
TIINPT .

31-55 Not used.

I 5(- -60  A

I Number  of data f i l e s  to be skipped , on the
output tape.

Not used .

2 1-8 I M o n t h / D a y / Ye a r  of ev r n t  o r ig in .
-- 

9 Not used.

I 10-I?  I Hour /Minu te/ Second  of event or ig in t ime.
- 

18-20 Not used .

2 1-25 F Even t  la t i tude  in dec imal  degrees  ~N + ) .

2 6 - 2 9  Not used .

f 30 - 35  F Event long i tude  in decimal degrees (E +) .

36-37 Not used .
1’ - .I * A = Alp h a n u m e r i c  I = In teger  F = Floating Point

[ 11-15 
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p
TAB LE 11-3

TISROSPE INPUT CAR DS
(PAGE 2 OF 2)

Card Data 
—

T ype Columns T ype * Descr ip t ion

2 3 8 -4 0  F Bod ywave magni tude .

4 1-42 Not used .

43-45 1 Depth . (km. )

46 I NORSAR qual i ty .

47-50  I Not used.

5 1-70 A Reg i3n  name.

71-80 Not used.

3 1-5 1 Event ident i f ica t ion number.

~- l0  I Sub-region number .

11-12 Not used.

13-15 A Informat ion s o u r c e .

16-20 Not used.

21-35 I Site selection table.  Column (20+n)  should
I be 1 if data f rom SRO n is to be processed;

0 if it is not.

36-39 Not used .

40 I Re - sample rate .  Default s to 1, if lef t  blank.

4 1-43 Not used .

44-5 1 I M o n t h/ D a y / Y e a r  of edit s tar t .

52 Not used.

53 -60  I H o u r / M in u t e/ S e c o n d  of edi t  s tar t  t ime.

Not used.

‘)2 -
~~

5 I Number  of raw data points  to he edited. ii

( h - 8 0  Not used. l i t
* A= Alphanumeric I = Integer F = Floating Point

11-16
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Subroutines in TISROSPE
9

ABORT - Writes  end-of - f i les  on outpu t tape and unloads all tapes.
ARTIME - Computes P wave arrival time.

DELTA - Computes event distance and azimuth .
HEADR - Converts  data from 16-bit integers  to floating point , in

place .

IN ITEV - Constructs  part of the event header , and wri tes  the event

header on the output tape.

INPSRO - Reads SRO field tapes.

PDE - Reads input cards , and constructs the event header.

SRHSRO - Searches an SRO field tape for a particular data time.
TERMEV - Computes statistics about an event , including sum, power ,

and ar i thmetic  mean.

TPOUT - Init ia l izes  output tape.

D. TITRIEDT

TITRIEDT is a long-per iod edit program for the ALPA , LASA ,
and NORSAR se i smic  a r r a y s .  Except for the input tape format , TITRIEDT
is funct ional l y the same as TIQCEDIT (see Benno , et al. , 1971). The sec-

tion describing the TIOCEDIT input cards is reprinted here , as Table 11-4.

The input tapes to TITRIEDT are not actual field tapes: they must be in

the DP tape format , effect ive January 1 , 1976. For an exp lanation of the

DP tape format , see Appendix A. The subroutines that make up TITRIEDT
are listed and described below . The logical flow through them is shown
in Figure 11-4.

Subroutines in TITRIEDT

ABORT - Wri tes  end-of - f i l es  on output tapes and unloads all tapes. ,, I

ARTIME - Computes P wave , S wave , Love wave , and Ray leigh wave

ar r iva l  t imes , and Ray leig h wave duration.

11-18
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TABLE 11-4

TIQCEDIT INPUT CARDS
(PAGE 1 OF 5)

- Card Field

- ~ Column Format Descript ion

1 - 1 1 1-4 A4 A r r a y  name - ‘ALPA , ‘LASA’ ,

- 
NORS’ , ILPA ’ , or ‘KSRS

2 6 -27  22 11 Site f lags  - 0 exit , 1 = do not exit

3 31-40 FlO.  0 Signal  spike level

1 4 4 1-50 FlO. 0 Signal spike r e tu rn  level

5 51-60 FlO. 0 Cli pped data level

~l - 70  F lU.  0 Noise  sp ike level

7 71-80 F l U .  0 Noise spike re tu rn  level

F 2 1 1-17 Al? Noise  tape number - ‘ Noise  Tape - - - - ’
(Columns 12- 17 Blank No noise tape)

2 19-35 A 17 Tape option = ‘O pt ior i =In i t ia l ize ’
- Continue ’

I- Ski p ’

1. 3 37-40 14 Number of f i l e s  to skip on S~ ip Option

3 1 1-68 ~8A1 Comment card - onl y for  In i t i a l i ze[ Option
• 4 1 1-18 A18 Signal tape number  - ‘Signalr T ape = (Columns 13-18

- 5 Blank No s igna l  tape)

f 2 2 O - 3 t  Al ?  Tape option - ‘Cption lni t ial ize ’
- Continue ’

Ski p ’

3 37-40 14 Number  of f i l e s  to skip on Skip Option

5 1 1-68 68Al Comment card  - onl y for In i t ia l ize
Option

~~ 11-19
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TABLE 11-4

TIQCEDIT iNPUT CARDS
(PAGE 2 OF 5)

Card  Field
Column Format Descript ion

e 1 1-76 76A 1 Library tape numbers - ‘Library
Tape , .‘ (9 tapes may
be listed , a comma after 6 characters
says mor e tape numbers and a per iod
says the last tape number has been read.

7 1 1-25 25A 1 End of tape cards - ‘End processing
definition ’

8 1 1-3 3A1 Flag - ‘PDE’ New Event , ‘EXI’ Ter-
minate Processing

2 4 Al Read override card flag, ‘X’ =Read Card

3 6-7 12 Month of event source time

4 9-10 12 Day of event source time

5 12-13 12 Year of event source time.

6 15-16 12 Hour of event source time

7 18-19 12 Minute of event source time

8 21-22 12 Second of event source time

9 23 Al PDE source time confidence level

10 25 -28 F4. 0 Latitude of source in degrees

11 30 Al Latitude direction of source (‘N’ or ‘S’)

12 32-36 
• 

F5 .0  Longitude of source in degrees

1
13 38 Al Longitude direction of source (‘E’ or ‘W ’ )
14 40-42 13 Depth of source in kilometers

15 44-46 
• 

F~~.0  USCGS ni.~
16 48-50 F3 .0  USCGS Mb
17 52-54 A3 Standard deviation of residual time

18 56-57 AZ Number of reporting stations 
5 .

19 59-66 A8 Information source (‘USCGS ‘)

11-20 • -
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1~
r TABLE 11-4

TIQCEDIT INPUT CARDS
(PAGE 3 OF 5)

k ard Field

I * # Column Format Description

8 20 68-70 F3., 0 LASA m
b

I J 2~ 72-74 F3.0  LASA Mb
9 1 1-80 80A 1 Event descript ion and comments

10 I I  1-80 8OAl Event descri ption and comments

11 1 1-4 A4 Data flag - ‘DATA’

2 11-22 3A4 Event specif icat ion

3 2 3-26  A4 Seismic region

1. 4 27-30 A4 Edit analyst initials

5 31-35 I 15 Calibration code (Currently = I)

1 6 36-40 15 QC code (Current l y = 1)

7 41-50 FlO. 0 Estimated S/N ratio

1 12 1 1-9 9A 1 Flag = ‘Override ’

2 11 Ii I = Read azimuth overr ide card

1 3 12 Il 1 Read sample rate overr ide  card

4 13 Il 1 = Read scale factor  over r ide  card

1 5 14 Ii 1 = Read segment dump overr ide  card

6 15 Ii 1 = Read s igna l  edit overr ide  card
- 1: 7 16 Ii I = Read noise edit overr ide card

8 17 II I Read new Q.C.  values overr ide

1.. 9 18 II I 1 = Read coordinate override card

13 1 1-4 A4 Flag ‘NAZM’ (Read card only if

I • necessary)

2 11-20 FlO. 0 New signal azimuth

1 14 1 1-4 A4 Flag = ‘NRAT (Read card onl y if

I 
neces sa ry )

I - 2 11-20 FlO. 0 New sample rate 5-
I I

- 11-21
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TABLE 11-4

TIQCEDIT INPUT CARDS
(PAGE 4 OF 5)

hard Fteld
Column Format Description

15 1 1-4 A4 Flag ‘NSCA’ (Read card onl y if
necessary)

2 11-20 110 Number of site scale factor cards to
be read

16 1 1-10 110 Site to be scaled (This card is
repeated the number of t imes
specified on the ‘NSCA’ card)

2 11-20 FlO. 0 Scale factor for  component 1

3 21-30 F10. 0 Scale facto r for component 2 ’

4 31-40 FlO. 0 Scale facto r for  component 3

17 1 1-4 A4 Flag ‘DUMP’

18 1 1-8 2A4 Flag ‘SIGNAL ‘ (Read card onl y if
necessary)

2 11-12 12 New month for edit , 0 = Do not
calculate new edit time

3 14-15 12 New day for  edit

4 17-lB 12 New year for edit

5 21-22 12 New hour for  edit

24-25 12 New minute for  edit

7 27-28 12 New second for edit

8 31-40 110 New edit length in seconds
0 = No signal edit

19 1 1-8 2A4 Flag ‘NOISE ‘ (Read card only if
necessary)

2 11-12 12 New month for edit , 0 = Calculate

I 
noise edit from signal edit

3 14-15 12 New day for edit

4 17-18 12 New year for edit
A 1 ‘- 1 :
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TABLE 11-4

TIQCEDIT INPUT CARDS
(PAGE 5 OF 5)

:ard Field
Column Format  Description

19 5 21 -22 12 New hour for edit

24-25 12 New minute for edit

7 2 7 - 2 8  12 New second for  edit

8 31-40 110 New edit length in seconds , 0 No
noise  edit

20 1 1-9 9A1 Flag = ‘QC VALUES ’ (Read card
onl y if necessa ry)

2 11-20 FlO. 0 Signal spike level

3 21-30 FlU. 0 Signal spike return level

4 31-40 FlO. 0 Clipped data level

5 41-50 FlO. 0 Noise  spike level

I - 51-60 FlO. 0 Noise spike return level

21 1 1-11 lIAl Flag = ‘Coordinates ’ (Read card only

I if necessary-  -this card sets the A LPA
coordinates to the configurat ion before

I - 
• 

9-18-70)

L 22 1 1-12 3A4 Flag - ‘EVENT END

1’
1~
I

F
;~ 
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DELTA - Computes event distance and azimuth.

INITEV - Const ruc ts  part of the event header , and writes the

event header on the output tape.

IN LBB - Reads new (1976 and later)  A LPA , LASA , or NORSAR

l ib ra ry  tapes.

LIBPRP - R e t u r n s  the index of data for a part icular  a r r ay ,  within

a new fo rmat  l ibrary  tape record.

OUTPUT - Wri tes  data on output tapes.

I PDE - Constructs  the event header.

QCHECK - Computes s ta t is t ics  on data quali ty.

I R E A D A R  - Supplies the a r r ay  configurat ion part of the event header.

SEARCH - Searches a new format l ibrary tape for a particular data

I t ime.

I 
TERMEV - Computes and print s statistics about an event , and prints

quali ty check information.

I TPINP - Initializes the input tapes

TPOUT - Ini t ia l izes  output tapes.

I TRTIM - Converts  data time f rom the ‘ s tandard ” l ibrary tape t ime

format , to seconds into day,  and da y + year • 1000.

E. TIKSLPED

TIKSLPED is a long-per iod edit p rogram for  the RSRS se i smic

I a r r ay .  The p rogram is modeled on the TITRIEDT p r o g r a m .  F o r  data card

format , r e f e r  to Table 11-4. The subrout ines which make up ¶IK~~LPED are

I l isted below along with a br ie f  descr ip t ion  of the  funct ion each o n .  p e r f o r m s .

The log ical flow throug h them is shown in F igure  lI-S.

Subrout ines  in TIKSLPED

f READAR - Supplies the a r r ay  configuration part of the event header.

I
Ii 11-25
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TABLE Il-S

DATA CARD FORMAT - NEWMAKE

C o l u m n s  Data T ype~ Fie ld

1- 12  A E vent name .

13-20  F Event  l a t i tude , d eg re e s  N .

2 1-28  F Event longi tude , d e g r e e s  E.

F Event  depth , km.

37-44 F USCGS ITL~

45 - 52  F Station latitude , degrees .

I 
53-60 F Station longi tude , de~~r ee&

‘ 1- 6 5  I Se i smogram no.

6-70 I Channel  no.

7 1 - 7 5  I Signal  s ta r t  p o i n t .

L 
I 

- 

Number  of points  of data .

‘~ A = Alphanume ric I = I n t e c~er F = Floa t ing  Point

d
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The subrout ines  used in NEWMAKE are listed and descr ibed below . The log-

ical flow throug h them is shown in Fi gure 11-6.

Su b r out i n es in NEWMAKE

AALIAS - E l i m i n a t : s  a l i a s ing  due to samp le ra te  dec imat ion  by

z e r o i ng  out spec t r a l  component s above the Nyquis t  f r e q u e n c y .

DELTA 1 - Computes  event d i s t ance  and a z i m u t h .

FETCH - Reads subset  tapes.

HDRSET - Constructs a PDP-15 event header .

HOLLFP - Converts floating-point numbers to Extended Binary-Coded

Decimal Interchange Code (EBCDIC).

PLOT4 - Does p r i n tI~r plots.

I
I
I
I
I
I
I
I 4

I -*
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I

SECTION III

SUGG.ESTIONS FOR F U T U R E  WOR K

I C u r r e n t ly , t he re  are  20 data prepara t ion  program s, to per form

onl y a handful  of func t ions .  Data prepara t ion  proc~ dures  can be improved b y

I reduc ing  the  n u m b e r  and s ize  of these  programs.  For example , the introduct ion

of TISROPRG , by e l i m i n a t i n g  a tape in t e r f ace , s ign i f i can t ly reduced the t ime

f needed to evaluate SRO’ s. The same program also considerabl y reduced the

amoun t of book-ke ep cng a s soc ia ted  with runn ing  the SRC programs.  Another

I goal is to reduce the number  of tape fo rmats  being used.  At this time , eac h

program tends to be app licable to only one array, or data format. This pheno-

me n on ca n be re duced by combining  p rog rams  and b y r e - w r i t i n g  them to use

s tandard ized  tape fo rmats .  Development  of data preparat ion procedures  will

I be f i n i s h e d  w h e n  the se i s m i c  data be in~ used at the SDAC can be easil y extracted

f r o m  raw tapes , and placed into a s ing le , s tandard ized  data base.

A.. Some speci f ic su g g e s t i on s:

I . Combine TITRIEDT , TIILPEDT , TIKSLFED , and TITDFILT

into one program. Add an automatic site selection capabi l i ty ,

f Lased on data q u a l i t y ,  to e l iminate  the need for  anal yst input

before  r u n n i n g  TI TDFILT.

J C o m b i n e  TISROPRG and TISROSPE into one program.

I
. Cnn ’~- er t  NORSPOUT , TIKSPED , and TIKSPEAR from DOS to TS44.

• P r e p a r e  ma .&te n ance  documentat ion for  p rograms that d n ’t

I alr ea d y have  such documentation. This will require a great deal

of work , since the programs involved are many and large. How-

I. ~~~~~~~~ the  impor tance  of t h i s  project  cannot be over-emphasized.

F I ll - i
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• Develop and implement a system for keeping track of tape s

generated by Texas Instrument s , Inc. projects at the SDAC.

More than any other gen program , DATAPREP embodies the

l a t e s t  i dea s  in da ta  preparat ion (correct ion for system response , cepstrum

heamforming, etc . In order to make the program more general, and there-

fo i- e more useful, I suggest that we should:

• Add a capability to handle a variable number of input data

channels.

• Change from card output to tape output.

• Add ar. automatic site selection capability, based on data

quality , to eliminate the need for analyst input before the

DATAPRPI portion of the run.

• Change the method of specifying site locations in the event

header , to use a separate ref erence  sensor f o r  each ar ray

or sub-array.

• Make the event ori gin time an input parameter.  Compute

separate a r r a y  or sub-a r ray  arrival  times by computing

travel  t imes .  The current  method of determining the signal

a r r i v a l  t ime is that the anal yst inputs the number of points

disp lacement into the data record.

• Use an automatic si gnal detector to prepare for beamforming

with in  a r r a y s  or sub-ar rays .  Current ly,  the anal yst inputs

one signal start time for all channels , and beamforming is done

u s i n g  geographicall y dete rmined lag t imes and a plane wave

assumption.

i~I
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I
APPENDIX A

I NEW LIBRARY TAPE FORMAT FOR ALPA , LASA, AND NORSAR

The l ib ra ry  tape format for each of the seismic stations and

a r r ays  has been descr ibed in previous documents. The following descr ibes

the new l ibrary tape format for ALPA , LASA , and NORSAR , effe ctive Jan-

1 u a r y  ~~,

These tapes are produced by the SDAC real-time system , and

are known as DP tapes. The tapes are nine track, and are recorded at 1600 bits

- 
per inch (B PI). Each conta~ins three fi les:  the header label , the data , and the

I t ra i le r  label.

The format  of the seismic data record is shown by Figure  A- I .

Each record consists  of a Record Header and a Record Bod y. The record

header  begins  with the cha rac te r s  ‘DA ‘ (Extended Binary-Coded Decimal
I - In te rchange  Code (EBCDIC)) .

j The second f ield of the header is the number of ar rays  con-

t r ibu t ing  to the record. This  number is equal to the number of a rr a y  I D/ a r r a y

length pa i r s  in the header .  Cnce a new ar ray  has been add~ d to the Network,

its en t ry  remains  in the record header  unt i l  that a r r ay  is removed from the

I Network. If the data from an array is not present for one or more seconds ,

the length of data for that a r r ay  is encoded as zero, and th e space in th e

I ~ record bod y normally occupied by that a r ray ’ s data is omitted. For example ,

if a r r a y  3 is m i s s i ng ,  than a r r a y  4 data will be adjacent  to ar r ay  2 data in the

I record bod y. The number  of a r rays  is l ikely to be less than eight.

1 The A r r a y  ID field of the Record Header is a 4-b yte field in

I - EBCDIC. The A r r a y  ID ’ s to be used in the Record Header are as follows:
I

A - i
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I
4 1 Data Type ID

I A LPA ‘ALP
LASA ‘LA O

I NORSAR ‘NA O

KSRS ‘ KSR

I KSRS data has been ass i gned an A r r a y  ID , but , at this  t ime , no KSRS data

will be on the tapes.

The 8-b yte Time Code f ield of the Record  Bod y contains the

Raw T i m i n g  Word , as shown in Fi gure A-2 .

The A r r a y  ID f ield of the Record Bod y is a 3-byte field of

I ASCII cha rac te r s .  The A r r a y  ID ’ s are the same as in the Record Header

l is ted above.

The I -b yte Block Status field of the Record Bod y is a s

follows:

Bit 0 = 1 if data is absent

Bit 1 = 1 if t r ansmiss ion  error

Bits 2 - 7 not used.

r The raw data for all th ree  (ALPA , LASA , and NORSAR) ar-

rays wi l l  he in g a i n - r a n g e d  format .  The bit conf igura t ion  of the 16-bit data

f values  in the  g a i n - r a n g e d  fo rmat  is:

r Bits  0 - 3 GAIN CODE , C

I Bits  4 . 15 INTEGER VALUE.

r The Gain Code must he a value G such that O~~GSl0. The following for-

mula can be used to decode the ga in- ranged  data word:

J ( 1 2 - b i t  v a lu e ) .2~~
0
~~~~.

1~
II A - 3
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ALPA DATA:

T h e r e  will  be onl y LP ALPA data , in the following fo rmat :

SITE STATUS - 3 bytes

19 b i t s  - 1 fc’r each site

5 b i t s  o f padding.

INSTR I M F S N  T STATUS - 10 bytes

1 9 f ie lds  of 4 h i t s  each , followed by

4 bits of zero padding

Bit 0 = 1 if i n s t rument  1 is bad

Bit 1 = 1 if i n s t rumen t  2 is bad

Bit  ?. 1 if i n s t rument  3 is bad.

DATA - 114 bytes

57 16-bit gain-ranged samp les (3 per site).

Cn som e tapes A LPA beams may be -added beyond raw data f ie lds .  The order

of the A LPA sites is as follows:

5 
3-23

3-2

3-3

• 3-34

2 - 3

3-1

1 — 1

2-4

3 4 5

U
2 - 5

3-56

A-5

_ _ _ _ _  — ~~~~~~. - ~~~~~~~~~~~~~~~~~~~~~
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3-6

3-16

2-6

2-1

3-12

2 -2

NORSAR DATA:

There will be SP followed by LP NORSAR data. The format

will be as follows:

SP DATA - 68 byt es

6 bytes Three 2-byte Channel ID’ s

2 bytes A i -bi t  Repeat Indicator , followed by 15 bits
of zero padding

60 bytes Ten f rames  of data . Each f r ame  consists of
three 16-bit words , corresponding to three
SP channels.  Data is in ga in-ranged format.

LP DATA - 142 bytes

STATUS - 10 bytes

22 f ie lds  of 3-bits each

1 3 bits - zero padding

1 bit repeat indicator.

DATA - 132 bytes

66 16-bit ga in- ranged  words (3 components per site).

The order of LP NORSAR sites i s :

O1A , Ol B , 02B , 03B , 04B , 05B , 06B , 07B , OlC , 02C , 03C, 04C ,

05C , 06C , 07C , 08C , 09C , 1OC , l iC , 12C , 13C , i4C (low gain).

111
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I
LASA DATA:

There will be SF followed by LP LASA data. The format

5. will be as follows:

SP DATA

BEAM STATUS rILILD - 20 bytes

This status is logged at a 1-Hz rate.

13 12-bi t  f ields r epresen t ing  subar rays  A0 throug h D4 , in

a s c e n d i n g  o rder .

Bit 0 = 1 if the beam is absent

Bit 1 = 1 if calibration instead of beam data is present .

Bits  2 - 11 each bit corresponds to a sensor that contributes
to the beam; a bit is set to 1 if its related sen-
sor was dead longer than half of the current
second.

4 spare bits.

RAW DATA STATUS FIELD - 4 bytes

This status is logged at a 1 Hz rate.

6 3-bit f ie lds  for 6 SP data sensors.

Bit  0 :- I i t  t here  is no data

Bit 1 = 1 if calibration ~s in progress

1 - B~t 2 = 1 if the LDC operator has declared the sensor bad

7 14 spare bits.

INSTRUMENT STATUS FIE LD - 8 by te s

The status is logged at a 10 Hz rate . It app lies only to the SP

raw (uribeamed)data . There are  10 6-bit subfields , each subfield representing

0. 1 seconds. A bit is set to 1 when data from the corresponding sensor is

bad due to a gl i tch or pa r i ty  e r r o r .

F
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DATA - ~8O b ytes

10 3 ’4 -b i t  f r a m e s  each r e p r e s e n t i n g  0. 1 seconds and conta in-

ing 13 l t  -bit  SF beam data values and 6 16-bit SF raw (unbearn-

ed) data va lues  (see F i g u r e  A - 3 ) .

S I be am da ta  v a l u e s  a rc  14-bit numbers  left  j u s t i f i e d  in the

f t -b i t  f i e ld. N e g a t i v e  data values a re  in 2’ s com pleme nt fo rm .

SP raw data  va lues  a r e  r ig ht j u s t i f i ed  in the 16-bit f i e ld .

The o r d e r  of the samp les is: AU , Bi , B2 , B3 , B4 , Cl , C2 ,

C3 , C4 , Dl , D2 , D3 , and D4 beams , followed by D 2 - Z , D2 -N , D2 -E , D2-Z

(LG),  D 2 - N (L G ) ,  and D 2 - E ( L G ) raw (unbeamed)  data samp les.

LP D A T A

RAW DATA STATUS - lb bytes

30 4 - b i t  sub f ~clds for  the 30 LP sensors  (10 s i tes , 3 components  each)

B~t 0 = 1 if data is absen t

B i t  1 = 1 if cal ibrat ion in p r og r e s s

B i t  2 = 1 if so f tware  dec la red  data bad due to g l i t ch
r pa r i t y  e r r o r

Bi t  3 = 1 if LDC operator  dec l a red  data bad

8 spare bits.

f lATA - ~ 0 by t e s

~~ l i - - b i t  data va lues  in g a i n - r a n g e d  format .

The o r d e r  of th e  L~ - LASA samples is as fol lows:  A 0 -Z , A 0 -N ,

A 0 - E , C 1 - Z , C l - N , cl- F ; , C2 - 15, CZ -N , C 2 - E , C 3 - Z , C3.- N , C 3 - E , C4-Z ,

C4-N , C4-E , Dl -Z , D 1-N , D 1-E , D 2 - Z , D 2 - N , D Z - E , D3 -Z , D 3 -N , D3-E ,

D4-/ , , D4-~~ , D 4 — E , C 2 ( L G) - / . , C2 ( L G ) - N , C 2 (L G ) -E .  Note the  addition of

a C2 (not low- g a i n )  s amp le. Also not ice  that  t h e r e  a re  now onl y 10 LP si tes ,

h e n c e  30 sensors .
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